By E. P. CUMBERBATCH, M.B. THE present War and the large number of cases of paralysis from nerve injury make this a fitting occasion for an inquiry into the subject of the electrical testing of muscle and nerve, a subject which is much in need of further investigation. In this communication I wish to point out the sources of error and inaccuracy in the methods at present in use for testing the reactions; to suggest a line of procedure in carrying out the electrical test, and to show the need for revision of the expression "reaction of degeneration." (I) When the induction coil is used a source of error arises from our inability to measure the strength of the faradic current. If a muscle does not respond to a faradic current that is strong enough to cause vigorous contraction of a healthy muscle, and if it responds sluggishly to a galvanic current, it has a complete R.D. Now on many occasions I have repeated the test and found that if a strong&r faradic current were used, the muscles would then in many cases contract. The D-4 reaction would then be a partial R.D., and the lesion in the motor nerve would be regarded as less severe. Some would regard the survival of excitability to the faradic current as a sign indicating a good prognosis, and others would go further and say that further testing by the galvanic current was unnecessary. The question therefore requires answer, With what strength is the faradic current to be used ? There is no clinically accurate method of measuring the strength. The only clinical method of estimating it is to note the contraction that it evokes from a normal muscle. But this contraction will depend on a number of widely varying factors: the resistance of the skin, the exact position of the testing electrode, the pressure with which the electrode is applied and the consequent proximity to the motor point. Besides, different coils give different currents, and the same coil may vary its current according to its adjustment. The question of the estimation of the strength of the faradic current becomes still more pertinent when we wish to be sure whether such response as the faradic current produces is of the normal strength or weak. We cannot speak accurately of quantitative alterations of the response if we cannot accurately measure the strength of the stiimulus.
If the muscle responds feebly to the faradic current, the reaction will depend on the response which it gives to the.,galvanic current.
If it contracts quickly, the reaction is of the normal type but weakened; if it contracts slowly, it has a partial RD. The decision therefore depends upon the character of the response to the gIlvanic current, whether quick or slow. In some cases the decision is easy; in others it is very difficult and is a matter of personal opinioh. Before we can say whether the contraction of any muscle is quick or slow, it is necessary to know the behaviour of that muscle when in a normal condition. In the normal subject different muscles contract with very different degrees of briskness. The facial muscles contract very quickly, and the word " twitch " rightly describes the response. The leg muscles contract less quickly, and the intrinsic muscles of the foot contract slowly, even sluggishly, The temperature of a limb will also alter the duration' of the contraction of its muscles: cold Wvill make the contraction sluggish, and warmth will make it brisk. The influence of temperature must be borne in mind as it may lead to error when carrying out the test. The following case shows that such error is possible:-Case I.-D. D. This patient had a cold, livid, swollen hand and wrist, with a "chilblain circulation." A faradic current strong enough to cause contraction of the corresponding muscles of the opposite hand could not make the affected muscles contract. The galvanic current made them contract very sluggishly. The reaction was evidently a complete R.D. On making the faradic current much stronger the muscles responded. The reaction was then a partial R.D. After warming the hand by diathermy, the muscles contracted briskly. The reaction was then a weak normal reaction.
The method of testing with faradic and galvanic currents will therefore not tell us, in many cases, whether a reaction is weak,. normal, or partial R.D., or whether it is partial R.D. or complete R.D. If a muscle shows, without doubt, a reaction of degeneration, the lesion. is located in the lower motor neuron. The question now arises, Can We, fron.knowledge of the reactions, obtain some idea of the severity of the lesion? If a muscle shows R.D., the nerve lesion may be said to have a certain degree of severity, greater than if the reaction was partial R.D. or weak normal, but the presence of R.D. does not give us any more information as to the degree of severity of the lesion. A muscle with a lesion of its nerve so severe that the latter will completely degenerate and the former gradually lose its. excitability till it becomes extinct, will show R.D. On the other hand, R.D. may be present in a paralysed muscle, the nerve of which has received only a slight lesion, so that voluntary power will soon return. Further, R.D. may be present in a muscle in which there is good voluntary power. The presence of R.D. in muscles in which there is voluntary power is quite a common occurrence. The following. cases will illustrate this: Case II.-T. W., boy, aged 14. During convalescence after operation (for abscess in upper part of thigh) he developed hallux-drop. When the electrical test was made it was found that he had complete R.D. of his extensor longus. hallucis. There was no voluntary power in this muscle. It was found that. the other extensor muscles and the peronei were less strong than the corresponding muscles on the opposite side. These were then tested, and it was found that they, too, showed a complete R.D. Seven months later I saw the patient again, and found that the extensor longus hallucis had regained good voluntary power, but there was still a complete R.D. The other extensors seemed as strong as those on the opposite side. Of these, the tibialis anticus showed a partial R.D., the extensor communis digitorum a complete R.D. The peroneus longus showed a weak normal reaction. This patient was able to. walk about without difficulty or fatigue. Case III.-I. W., aged 17. The patient had foot-drop; she had no voluntary power in the anterior tibial or peroneal group of muscles; these muscles all showed complete R.D. During treatment some power returned, but the R.D. persisted. This patient was kept under observation and tested periodically.
The R.D. remained for a long time, although the voluntary power of the muscles progressively increased. The reactions ultimately became normal in one muscle after the other, but R.D. persisted in the extensor communis digitorum for ten months after the first test, or twelve months after the stated onset of the paralysis.
Case IV.--J. W., aged 18. A case of fracture of elbow. Loss of sensation in the region supplied by the ulnar nerve occurred, and claw-hand gradually developed. The muscles were tested and found to show complete R.D. The nerve was freed from callus in the region of the fracture. Nine weeks after the first test voluntary power returned in the first dorsal interosseous muscle. Both this and the other muscles supplied by the ulnar nerve showed complete R.D. Thirty-two weeks after the first test the muscles still showed complete R.D., but voluntary power was present in all. Thirty-nine weeks after the first test there was still no change.
Not only will R.D. persist and voluntary power return, but R.D. may develop while voluntary power is returning. Such an event occurred in Case V. Case V.-B. S. A case of facial palsy. The reactions were tested on the second day; they were normal and equal to those on the unaffected side; there was no voluntary power in them. On the eighth day some voluntary power returned in the levator labii superioris. On the ninth day it returned in the orbicularis palpebrarum, the frontalis and the chin muscles. The reactions were still normal, but weaker than those of the opposite side. The power gradually increased. On the eighteenth day the response to the galvanic current was distinctly sluggish, and to the faradic current it was feeble. The voluntary power had then still further improved.
The presence of R.D. by itself, therefore, does not indicate the degree of severity of the lesion, and so is insufficient evidence on which to form a prognosis or, in the case of nerve injury, justify surgical operation. The electrical test may be extended so as to obtain further information, and the investigation may be pursued along three lines of inquiry.
In the first place, an attempt may be made to ascertain the degree of the degeneration-if one may use this expression-to which the muscle has proceeded. This may be done by the method of testing by condenser discharges. The degree of degeneration is measured in terms of the duration of the shortest stimulus required to excite the muscle to contract, and it is assumed (I am not sure whether the assumption is correct) that the longer the impulse required the more advanced will be the degeneration. A healthy muscle will respond to a stimulus as short as sec. When it has passed into the condition in which it shows R.D. it requires a stimulus of -3l sec. to :1oU sec. or longer.
Some muscles that show a complete R.D. will respond to a stimulus of this length, others will require longer stimuli, even as long as 0 sec. or possibly longer. The condenser device which is now being used provides us .with a range of stimuli, the duration of the shortest being WU0 sec.; that of the longest may be brought down to 1 sec. If we test a number of muscles by this method we soon find that those which show R.D. require lengths of stimuli that differ widely from each other; some require 605 sec., others require -sec., others require stimuli of intermediate duration.
In the method of testing with faradic and galvanic currents, we have two stimuli: one which is a succession of impulses of short duration (the faradic current), the other being a single impulse lasting as long as the current flows. The impulses of the faradic current vary in different coils, and even in the same coil from time to time, and are not short enough. In most medical coils they are sec. to 01, sec. A normal muscle will respond to an impulse very much shorter than this, and a muscle cannot be regarded as normal if it will nbt respond to a stimulus shorter than the times given. The faradic stimulus is therefore unmeasured and not short enough. The galvanic stimulus is, on the other hand, too long, and it, also, is unmeasured. These are defects of the method of testing by faradic and galvanic currents other than those mentioned earlier. The condenser method classifies muscles showing R.D. into groups according to the duration of the shortest impulse to which they can respond. The question may now be asked, Has a muscle, showing R.D. and requiring a long impulse (as provided by a large capacity condenser), a severe lesion of its motor nerve that ought to receive surgical exploration? I hope that members of the Section who have been using condensers for testing will give their experience on this point. Personally, I do not think that a muscle showing R.D., even R.D. requiring a long impulse from a large capacity condenser, has necessarily a severe lesion of its motor nerve. The cases previously mentioned (II, III and IV) were tested also by the condenser method. Many of the muscles that had recovered voluntary power and retained R.D. still required the largest capacity condensers, even with resistances inserted for the purpose of still further lengthening the stimulus.
It must be remembered that large capacity condensers give not only longer stimuli than small capacity condensers, but also' stronger stimuli.
A large capacity condenser holds a larger charge of electricity, so that when it is discharging it is giving a stronger current as well as a longer current. A muscle of which the excitability has been very much lowered will require a large capacity condenser, not necessarily because it requires a long impulse, but because it requires a strong impulse. I have seen muscles which required the largest capacity condenser (300 microfarads) before they would contract, yet they would respond to a strong faradic current and also (not sluggishly) to a strong galvanic current.
The degree of excitability of the muscle to the galvanic current may yield some information on the state of the motor nerve. An increased excitability that persists indicates, I think, a favourable prognosis. The following case will illustrate this: Case VI.-Captain G. Bullet wound to upper arm. Tested eight weeks later, muscles supplied by musculo-cutaneous and musculo-spiral showed complete R.D., with increased excitability to the galvanic current. Eight weeks after the test (sixteen weeks after injury) the voluntary power of the biceps began to return; seven weeks later (twenty-three weeks after injury) there was fairly good voluntary power in the biceps. The extensor muscles of the forearm showed no diminution of excitability, but there was no voluntary power. The latter, however, returned thirty-five weeks after the injury and the patient was able to resume light work. I think, however, that the most important information will be derived from a test of the motor nerve. It is the loss or retention of the function of the nerve that we wish to test. If the nerve trunk is stimulated well above the injury and the muscle contracts, we have proof that the nerve trunk contains at any rate some conducting fibres. The late Dr. Lewis Jones devoted most attention to the reactions of the muscles, and he hoped that the condenser method of testing would throw more light on the condition of the nerves. If a nerve is excitable by the faradic or galvanic current above the injury and retains the excitability, I think the case need not be sent for surgical exploration.
If the nerve has lost its excitability to both currents and does not regain it, the case should, I think, be sent for surgical exploration. The test of a nerve trunk by condenser discharges would throw light on its degree of excitability and would show, if the test were repeated at a later date, any gain or loss of excitability.
The realization of the frequency of the occurrence of cases like those described (II, III, and IV) led me to examine the reactions of the motor nerves as well as those of the muscle. Most of the cases showing R.D. with voluntary power showed retention of excitability by the nerve trunk, but it does not seem to be the invariable rule. The following cases were tested (both muscles and nerves) and the condition of-the nerves noted at operation:- and ulnar nerves. The median nerve was inexcitable: the ulnar nerve was not excitable above the injury, but was feebly excitable below. At operation, the ulnar nerve was found to be divided, the median nerve was not divided but swollen in the region of the elbow. Case X.-F. T., aged 26. June 30, 1915: Shrapnel wound of arm. October 1, 1915: Tested. Muscles supplied by musculo-spiral nerve and posterior interosseous nerve showed R.D. (complete). The musculo-spiral nerve was inexcitable above or below injury. At operation a piece of shrapnel was found pressing on the nerve trunk, with a small abscess in the same region.
Surgical operation was justified in Cases VII and VIII, also in Case IX, at any rate so far as the ulnar nerve was concerned. Certain points call for comiment. The median nerve (Case IX) was not divided and was apparently uninjured. The condition of the nerve, so far as its function was concerned, could not be revealed by inspection, and light would have been thrown on this if the nerve had been electrically stimulated when exposed. So also in Case X. In Case IX it would have been expected that the ulnar nerve would have completely degenerated below the division and lost all excitability. An electrical test, during the operation, on the exposed nerve would have shown whether there were any undivided nerve-fibres.
(II) SUGGESTED METHOD FOR ELECTRICAL TESTING. The method suggested for making an electrical examination of cases of nerve injury is to test the muscles first and note whether there is R.D. Then test the nerve trunk above and below the lesion. If the nerve is inexcitable above the lesion, and remains so for, say, three or four weeks, it should be explored. When the nerve is exposed it should be tested, with the electrodes on the bare trunk. The trunk may appear to be intact (see Case IX, median nerve, and Case X), yet may be functionless; on the other hand, it may appear to be completely divided, yet some fibres may have regenerated along the surrounding tissues. A test on the exposed nerve will reveal its excitability and conductivity; mere inspection shows only gross anatomical alterations.
(III) THE EXPRESSION "REACTION OF DEGENERATION." In conclusion, it may be said that the expression " reaction of degeneration" is not always a correct description. When a nerve has been completely divided and does not regenerate, the muscle is ultimately replaced by fibrous tissue. Such a change can be termed "degeneration," but not so the change that takes place when the muscle loses its power of contracting to very brief impulses and contracts sluggishly to long impulses, and, at the same time, possesses good volunztary power and does not wvaste.
At the present time, a muscle is regarded as showing the reaction of " degeneration " if it has lost its excitability to the faradic current but retains it to the galvanic current, contracting sluggishly instead of briskly. Erb, who was evidently the originator of the expression " reaction of degeneration," included the loss of excitability of the nerve to both currents in his definition. A report on the electrical reactions should include those of the nerve as well as those of the muscle. The muscle which is inexcitable by impulses of brief duration (small capacity condensers or faradic current), but responds sluggishly to impulses of long duration (large capacity condensers or galvanic current), has a motor nerve which is either-(1) Excitable by both brief and long stimuli;
(2) Excitable only by long stimuli;
(3) Inexcitable by stimuli of any length.
The polar changes in excitability (the anodic closure contraction larger than the kathodic closure contraction) were thought by Erb to be the most constant phenomenon in medicine. They are, however, not constant, and they usually depend on the chance position of the testing electrode. They are no longer included in the definition of the term R.D.
DISCUSSION.
Captain HERNAMAN-JOHNSON: During the last fifteen months any nerve testing required in the Aldershot Command has been done by myself: one has had to act as both neurologist and electro-therapeutist. In that time some 200 cases have passed through my hands; and in many of them I have had to say whether they should be operated upon or left to see if they would recover of th'emselves. With much of what Dr.'Cumberbatch said I am in entire agreement. In muscle testing I have abandoned the use of faradism and galvanism, because it is impossible to standardize them; I have also ceased using the term " R.D." and " partial R.D." I make use of the condenser set which was introduced by the late Dr. Lewis Jones, to which Dr. Cumberbatch made reference. There are twelve degrees on the instrument, giving impulses ranging in length from to00 to t of a second; and by repeating the last three studs through a resistance of 5,000 ohms it is possible to get three more degrees, counting them in units of time. So that we can get fifteen degrees in all, ranging from 2 4O-1-Doto -A3 or thereabouts. Dr. Lewis Jones used the first twelve of his grades at a voltage of 100; the last three are used at 200 volts. You can do this on the original instrument by taking out the lamps of your resistance and changing your terminals. In the new instrument which Messrs. Watson have made for me, this is done automatically, instead of lamps having to be taken out and electrodes put in another place. The original instrument had no voltmeter. The new one is so constructed that, on any main supply of 200 volts or more, it can be adjusted to secure that the condensers shall always be charged at 100 volts for the first twelve, and 200 volts for the last three. Voltage is a matter of great importance, because I found that muscles which will not react to No. 12 stud at 100 volts can sometimes be got to react visibly to No. 6 at 200 volts. What is needed is to adopt a standard for prognostic purposes. The particular standard does not matter much, so long as we adhere to it. The original standard introduced by Dr. Lewis Jones works very well indeed; and when one speaks of a certain length of impulse being required, it means at the voltage he introduced-that is to say, 100 for the first twelve studs, and 200 volts for the last three. Our reports at Aldershot are made without reference to R.D. or partial R.D. By using the Lewis Jones condenser one does not trouble about rapidity or sluggishness of reaction, but about minimal contraction. You note the last stud which will give any visible reaction at all. In some cases there may be a doubt, and then one notes down the two studs with a dash between, such as 7-8, 8-9. s Such records are valueless unless all the conditions of the test are uniform.
You may have a case of nerve lesion which, on a warm day in September, reacts to No. 9; you may not see that man again until a cold day in November. You test him again, and find him, perhaps, reacting still to No. 9. Unless you take care previously to give him a warm arm-bath you might conclude, from the electrical test alone, that he has made no progress; but as he has meantime developed voluntary movement you know he must have improved. One also takes care not to test when the patient is tired.
The way in which the electrodes are laid on is also important. Lewis Jones's original description spoke of putting the indifferent electrode on some part of the body and using a single testing electrode; but I find it best always to put one electrode on a motor point and the other somewhere else on the muscle. Sometimes the trouble is that there is spreading, so you might test the extensors on the back of the arin and find a violent twitching of the flexors, which will confuse your result. But if you have the two electrodes together, and pinch up the muscle somewhat, you can eliminate that spreading. The solution used also makes some difference. I always use tapwater, the electrical conductivity of which is fairly constant everywhere. I think Dr. Lewis Jones believed the skin exerted practically no resistance to these condenser discharges, but that is not my experience; it takes time to break down that resistance-not so long as with the galvanic, but longer than with the faradic. One gets over that by rapidly putting up the numbers until one gets a definite good contraction up to 15 if necessary, letting the instrument run until the muscle is well " gingered up." Then, having given the muscle half a minute's rest, we proceed backwards, watching the minimal point-that at which the last contraction is seen. This is more reliable than proceeding upwards, because you have broken down the resistance before you start your observations. These points must be borne in mind if you are going to put one result against another, and particularly one man's testing against another's. I find myself in even further agreement with Dr. Cumberbatch, in that I admit that muscles which show good voluntary movement will not, sometimes, react to any condenser stud at all, though that is unusual. Frequently high numbers, such as 12 or 13, are required in order to get a response, but obviously the muscles are recovering, because they can be used voluntarily. But I believe that all these muscles have been, at some time, either anatomically or physiologically severed from their spinal cells, and in such a case it frequently takes the muscle a long time to recover its proper electrical reactions. Still, that does not affect the prognostic results when one gets the cases fresh. For example, a man comes in from abroad; he may have been kept a month on the other side. He has a dropped wrist, and his injury may have involved the musculo-spiral. If you find that he will react to stud 9 or 10 on the condenser, is it safe to say he will recover without operation ? Experience has proved that it is not safe, the reason being that three or four weeks is not a long enough time for maximum changes in the electrical reactions to take place. Not long ago I saw a man some time after his operation, and read the surgeon's report. I found that he had had a severed nerve. My electrical report was attached, in which I said the reactions were 9-10, and that probably the nerve would be found involved in fibrous tissue, not severed. I investigated the matter, and found that the case had been sent to me as one of three months' standing, whereas the testing was, in reality, done only three weeks after his wound was inflicted. Of course, -the full electrical changes had not developed in three weeks ; I had been basing my opinion on the statement as to three months' duration. Not until two months after the injury can you be sure that the electrical changes will have developed to their full extent. If, after that time, testing under favourable conditions of warmth, &c., you find it takes No. 12 or more, my experience is that operation is necessary: either the nerve is severed or it is seriously involved in fibrous -tissue. If after two months it gives reactions to No. 9 or No. 10, there is always a considerable possibility that that patient will recover. On the other hand, the nerve may be involved in fibrous tissue whose contraction is increasing, and in a month you may find the patient going backwards instead of improving; and in such a case one advises operation. If the response is to Nos. 7, 8, or 9, you keep the patient under observation for a month or two to see which way the reactions go. None of the cases I am speaking of will react to faradism, and being beyond the faradic range you could not, in the old days, say anything definite about them from the electrical point of view, whereas the condenser gives us eight degrees of inquiry in muscles which no longer react to faradism. I do not wish it to be thought that I advocate condenser testing as a royal road to prognosis, because you must take other factors, such as the sensory condition, into consideration; and in a doubtful case there must be a careful balancing of probabilities. If the sensation has gone, probably the best thing is to advise operative interference; but if sensation is only slightly impaired, it is better to wait. The condenser reactions are of very valuable assistance in prognosis, as is shown by the fact that only in one case that I can remember has operation disclosed nothing abnormal to the naked eye. I had not the opportunity of testing the nerve conduction while it was exposed, as suggested by Dr. Cumberbatch; otherwise some very useful information might have been elicited.
You may find the reaction only 12 or 13 a week or two after suturing has been done, and the patient has a very anxious time, even though he has been told it will be six, eight or twelve months before definite improvement sets in. These patients are despondent, and if you can give them some visible proof of even slight improvement, they are very grateful. Even the absence of condenser improvement is not necessarily a bad sign, for the patient may still regain full voluntary power. Speaking generally, however, an improvement of at least three or four studs can be demonstrated before there is any voluntary control or response to faradism.
Major BAILEY (Brighton): The cases at the Second Eastern General Hospital at Brighton, and from auxiliary hospitals in connexion, together with those sent from the Indian Hospital there, tested by me by the condenser method during the past fifteen months, number altogether close on 400. Among the Indians an estimate of their epicritic and protopathic loss was difficult to obtain correctly, and the condenser tests consequently gained in proportionate value; about one-fourth of these Indians reacted normally to the condensers. I agree that sensory and trophic changes, as well as loss of voluntary movement or not, must all be taken into consideration in forming a correct estimate of the nerve condition as well as the condenser reactions. I quite admit that there are, as Dr. Cumberbatch points out, many points of difficulty in condenser testing, but I am absolutely in accord with Captain Hernaman-Johnson as to the eminent practicability of the condenser method and the value of its results. The various points of procedure he advises I have arrived at independently, such as the value of warmth, using both electrodes on the same muscle, working backwards until one obtains the lowest response instead of Lewis Jones's original method of working forwards, testing under similar conditions each time, &c. The resistance of the skin, especially among Indians, is often very high; I recollect one case where at first the flexor sublimis would only respond to No. 12 condenser, yet finally contracted on No. 1. I use saturated warm salt solution, which I find breaks down skin resistance quickly. The practical point is -and I have the opinion of all my surgeons in agreement with me-that in the very large majority of cases where there is a contraction only to very high condenser values, the nerve has been found at operation either totally divided or constricted to such an extent that the axis cylinders are destroyed or functionless. Surgeons have told me the condition of such constricted but undivided nerves the part above the constriction was swollen, sometimes very considerably, and the part constricted was a thread-like or tape-like, apparently fibrous band. It has been considered advisable in most cases of this kind to relieve the constriction, but not to resect the nerve, on the supposition that the new axis cylinders have, in this fibrous "scaffolding,"' the best opportunity of growing correctly down to their former terminations. The results have quite justified this procedure. The condensers give such accurate information that I have found it superfluous to trouble about galvanism and faradism. For routine work I am content to use the Lewis Jones method with Captain Hernaman-Johnson's modifications; and although I name the conditions of various muscles as normal, partial, or total R.D., I add the condenser stud number, 1 to 15, as the case may be, and I find that surgeons quite grasp now what that really means. I think for the sake of uniformity we should continue to work on Lewis Jones's lines. However, for experimental purposes, I have had an apparatus made locally; this gives a charging voltage varying, in 25 volts, from 25 to 225 volts; the condensers vary from 0016 to 4 microfarads; and the added discharging resistance varies, by 1,000 ohms, from 1,000 ohms to 10,000 ohms. This has proved valuable in testing cases of facial paralysis, and I hope to obtain some practical results in the future from it. Everything has been gone over so thoroughly by Dr. Cumberbatch in his most interesting paper, and all the practical points have further been set forth in such an illuminating manner by Captain Hernaman-Johnson, that there is little for me to add, except my agreement in general with them both.
Dr. TURRELL: There is one point on which, though it has been mentioned, sufficient stress has not, I think, been laid; that is, the amount of resistance from the electrodes used. There are three factors to deal with: the capacity of the condenser, the voltage at which it is charged, and the resistance through which it discharges. Nothing has been said to-night about standardizing the size of the electrodes which are applied for testing. Cluzet, to whom with Dr. Cumberbatch and the late Dr. Lewis Jones we are indebted for this method of testing in a practical form, rightly attaches considerable importance to this point. The size of the indifferent electrode which he recommends as a standard is 100 sq. cm., and the active electrode is only 1 sq. cm. One difficulty which is encountered in testing severely damaged nerves by the condenser method is the over-contraction of the healthy muscles, which masks the feeble contractions of the affected muscles when the strong condenser discharges are used. In order to overcome this difficulty, the use of two small electrodes on the muscle to be tested has been recommended. In that case the electrical resistance would be much increased and the wave length of the stimulus much shortened, rendering the results so obtained useless for comparison with those obtained in the ordinary manner. Cluzet has pointed out that this difficulty can be largely overcome by the insertion of higher resistances and the use of higher voltage; by that procedure the relative contractions of the affected muscles is much increased. It is of importance in testing to pay attention not only to the temperature of the limb but also to the dryness of the skin. Where a limb is either very cold or the skin very dry, it should be wrapped in a warm wet towel for some time before the reactions are taken. It is very important to consider the sensations of the limb in conjunction with its electrical reactions, and a record should be kept of the results obtained for future reference. This is best done on the card index system, using a card on the front of which the names of the muscles and their nerve supply are printed, and on the back of the card there should be printed diagrams giving an anterior and posterior viewN of the limb, with the cutaneous nerve supply outlined. On these cards the muscles should be marked according to their condenser reaction, and the defective area of sensation should be shaded or otherwise marked.
Dr. GRAINGER STEWART: I would like to express my thanks to Dr.
Cumberbatch for his most interesting paper. I have for some time past been doing a considerable amount of muscle and nerve testing at the King George Hospital. I look upon nerve and muscle testing not only from the point of view of electrical testing, but also from the neurological standpoint. I think that neurologists in general have not, for many years past, attached the importance to nerve testing that is generally ascribed to it in the text-books and by the medical profession as a whole. I have not had experience of testing with condenser methods; my work has been carried out in the old-fashioned way with faradic and galvanic currents. My experience is that electrical testing only helps one to form an approximate idea as to the condition of the nerve when it is repeated and associated with continued clinical observation. Cases, often arrive at hospital without a very definite history. In one you find that the nerve was directly injured at the time the man was struck; in another the nerve was injured by concussion or contusion; or yet again there are cases inl which the nerves have become involved at a later stage either by callus or scarx tissue. The reactions elicited will depend largely on two factors: the severity of the injuries and the time at which the test is made. Though very inadequate, I think faradism is by far the most accurate method we have of estimating the condition of a nerve. With regard to the galvanic reaction, I think that depends very much on the state of the muscle. I have seen a case of dropped wrist from musculo-spiral paralysis in which the muscles were over-stretched, and in which there was no response at all, respond normally three days later, after, the arm had been put into the hyper-extended posture. I have also been able to obtain a response in muscles which, despite the skin having been well moistened and the limb warmed, gave no response by applying massage to the paralysed muscles for a few minutes, and then repeating the test. I think galvanism is of use in giving some idea of the condition of the muscle, but is not of much help as an indication of the condition of the nerve. One of the, most important suggestions that Dr. Cumberbatch has made is the advisability of testing injured nerves at the time of the operation. By that means we may hope to advance our knowledge as to the condition of a particular nerve, and, by observing the subsequent history of such cases, we shall be in a better position to give a prognosis in future cases.
Mr. N. H. M. BURKE: In general, I am more and more coming to the conclusion that not only is electrical testing necessary in attempting to arriveat a true diagnosis of the condition of a nerve suspected of injury, but that electrical testing by itself is of very little use. I am convinced that every source of information is necessary-voluntary power, skin sensation, measure of wasting of muscles, electrical reactions by all methods (faradic, galvanie and condenser), and result of stimulation over the nerve trunks themselves and that this thorough examination must be repeated after an interval of, say, three weeks, and any change in the results noted, before anything like a good idea can be obtained of the actual condition of the nerve. With regard to the electrical methods in detail, I have been using the condenser method for some time and do not feel at all satisfied that it has yet assumed its proper position or that its meaning is at all clear or certain. One constantly comes across cases in which there is so great a variance between the findings by the old faradic and galvanic method and the new-fashioned condenser method that the true relation between the two is, I think, still to be found. To my mind no case should be considered as thoroughly and scientifically examined until all three methods have been employed. I agree with Dr. Hernaman-Johnson that it is essential to the uniformity of results that all observers should use a constant charging current of 100 volts. Another source of error in estimation of the results obtained by use of the large condenser, say, 3 microfarads, was suggested to me by Dr. Cumberbatch a few days ago, namely, that the discharge given to the muscle is not simply one of long duration but also one of large amount, and this point is not usually taken into consideration. Further, it may be that one ought to exercise as much care in noticing the type of response, whether quick or sluggish, when using the condenser discharge as when using the galvanic current. The next point is the advisability of following every case that goes to the operating theatre, and when there not only of inspecting the condition which has induced the set of symptoms found previously, but also of going further and testing electrically the exposed nerve trunk. In this respect it has been my fortune at the Epsom War Hospital to work with a most charming set of surgeons, who have given me every sympathy and assistance, and have, I believe, found that the presence of an electrical instrument not only adds to the interest of the operation but also helps in the work that has to be performed. We are now in the middle of a whole series of nerve operations, and certain points seem to be emerging which, I think, are new and worth mentioning. I now state them quite tentatively, because the number of cases upon which to base any definite conclusions is as yet too small. I have used a sterilizable bipolar electrode and faradic current, which has been applied by the surgeon to the exposed nerve. Most of the cases have been found to be those in which a portion of nerve has been compressed by dense scar tissue, and we have several times noticed two things: (1) Stimulation above the scar produces a response which is definitely bigger than that to stimulation below the scar;
(2) immediately the nerve is freed from the strangulation the responses above and below are equal and both much improved. I have hopes that, if this type of reaction is, on further evidence, found to be constant, it may prove of assistance to the surgeon who, having found his injured nerve and freed it from strangling scar, is faced with an inch or so of hard, unsatisfactory-looking material, and has to decide whether to trust it to recover or to resect and suture the divided ends. The suggestion in my mind is that a strangled portion of nerve that is capable of recovering complete function should show this immediate improvement, and that when the improvement is not found, the portion may be considered to contain only scar tissue and should be resected. Of course, the idea is not yet fully worked out or substantiated, but the following cases are of interest, and they also serve to compare the condition found at operation with the excitability of the nerve as found in the ordinary way before operation by stimulation at various points over the course of its trunk. The first case of this series was a soldier operated upon by Captain Owen, of the Australian A.M.S., three and a half months after he was wounded.
The ulnar nerve, which gave no response before operation, gave a poor one on the table before the constricting scar was dissected away, and a fairly good one when quite freed. The musculo-spiral gave a weak response after being freed and none before or in the preliminary examination. In the same case the median, which was not affected by the injury, responded strongly to all three tests. In the next case-a median nerve four months after injury-weak response was present before operation; this improved immediately before and after liberation. A musculo-spiral and a sciatic nerve gave the same type of reaction, while the remainder-ulnar, facial, and median nerves-gave no response at any time, and resection and suture were therefore undertaken.
Dr. G. B. BATTEN: May I ask Dr. Cumberbatch one question ? He did not say how he tested a nerve above and below the lesion. Which of the three forms of current does he use?
Dr. CUMBERBATCH (in reply): In answer to Dr. Batten, I use the faradic and galvanic above and below; but I forgot to mention that I often go to the highest point and test the nerves at their point of origin from the spine and use big capacity condensers. You can get impulses sufficiently strong to pass down to the nerves at their point of emergence, and in that way cause a contraction of the muscles. The first three speakers seemed to think cases that required large capacity condensers should be sent for operation, and at the operation they would find injuries which justified operation. I cannot speak with so much experience of military cases behind me as the first three speakers, but I know that in one case, at any rate, the nerve after injury and subsequent removal of callus which was pressing on it still required the largest condenser to elicit response, even after the muscle had regained voluntary power in it. There is another point which. may be a source of fallacy with the condenser method, and that is that if the muscle has considerably diminished its excitability, it will require a stronger stimulus to make it contract. If you have a muscle which is itself the seat of disease, it may require, on account of its diminished excitability, the biggest capacity condenser in the box; and one might regard it as showing the reaction of degeneration. That is a possible source of error in the condenser method; and, at the risk of being called hypercritical and bringing "not peace but a sword," when speaking of the reactions of muscle as shown by the condenser method, I protest against the method of referring to studs 1, 2, 3, &c., because it does not give an idea of what is meant. It is an imitation of the unscientific method of calibrating catheters by means of holes in plates which have numbers attached to them, but mean nothing at all.
